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ABSTRACT

Background: Gemfibrozil is a member of fibrates (gemfibrozil, fenofibrate, ceprofibrate, and benzafibrate)
which is employed for treatment of dyslipidemia particularly hypertriglyceridemiae through its action on
peroxisome proliflator activated receptors (PPAR-0). Objective: The aim of this work was to study the site of
action and pharmacololgical effects of different doses of gemfibrozil on some isolated smooth muscles
preparations of experimental animals. Materials and Methods: The experiments were conducted on isolated
jejunum of rabbits, isolated spiral tracheal and urinary bladder strips of guinea pigs. Results: I- On isolated rabbit
jejunum, gemfibrozil produced a dose-dependent reduction on the amplitude of jejunal contractions. The
inhibitory effect of gemfibrozil was not abolished after complete blockade of alpha and beta adrenergic
receptors, while it was completely abolished after inhibition of nitric oxide synthase by N-methyl L-arginine. On
the other hand the stimulatory effects of nicotine small dose, acetylcholine, calcium gluconate, histamine and
serotonin were not abolished after administration of gemfibrozil. 1I- On isolated tracheal spiral strips of ginea
pigs, gemfibrozil produced a dose- dependent relaxation on the basal tone and a dose-dependent reduction on the
amplitude of acetylcholine-induced tracheal contractions of the tracheal strips. The inhibitory effect of
gemfibrozil was completely abolished after inhibition of nitric oxide synthase by N-methyl L-arginine.
Gemfibrozil completely abolished also serotonin-induced contraction, while it has no effect on histamine or
calcium-induced tracheal contractions. Ill- On isolated urinary bladder strips of guinea pigs, gemfibrozil
produced a dose-dependent reduction on the amplitude of urinary bladder contractions. The inhibitory effect of
gemfibrozil was not abolished after complete blockade of beta adrenergic receptors, while it was completely
abolished after inhibition of nitric oxide synthase by N-methyl L-arginine. On the other hand the stimulatory
effects of acetylcholine and serotonin were not abolished after administration of gemfibrozil. Conclusion:
Gemfibrozil (antidyslipidemic, PPAR-a agonist) reduced jejunal and urinary bladder contractions and has a
relaxant effect on tracheal basal tone. So it has a beneficial effect in obstructive airway diseases and cases of
urgency and frequency of micturation and urinary incontinence. However, it may be used cauciously in cases of
,GIT disturbances as constipation and prostatic hypertrophy.

Key words: Gemfibrozil, isolated smooth muscle, jejumum of rabbits, tracheal strip, and urinary
bladder strips of guinea pigs.

INTRODUCTION

Gemfibrozil (member of fibrates) is
PPAR-a agonist which improves lipid profiles
particulary very low density lipoprotein and high
(ljensity lipoprotein in patients with dyslipidemia

Peroxisome  proliferator  activated
receptors (PPARs) are steroid receptors that
exhibit broad tissue expression pattern **. They
regulate the expression of a wide array of genes
that are involved in fatty acids uptake and
oxidation, inflammations and  vascular
function®. The intensive studies of PPARs have
revealed their importance in both normal
physiology and pathology of various tissues’.
Phelps and Peuler reported that fibrates has
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direct smooth muscle relaxant effect through
inhibition of duodenal and urinary bladder
contractions’. This is in agreement with the
study of Nijkamp et al. reported that
gemfibrozil has a relaxant effect on the tracheal
basal tone Generally, the mechanism of the
inhibitory effect of gemfibrozil on different
smooth muscles is still unclear. So this work
aimes to study the effect of gemfibrozil on
some isolated smooth muscles of jejunum,
trachea and urinary bladder, and its possible
mechanism of action®.

MATERIAL AND METHODS

Gemfibrozil was supplied in the form of
tablets which were film coated Each tablet
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contained 600mg gemfibrozil which was
dissolved in 60ml distilled water®. It was tested
on the following strips:

I- Experiments on isolated rabbit jejunum
10.

The effect of test drug on jejunal
contractions was obtained using gradually
increasing doses of gemfibrozil (25-800 pg/ml).
Effect of gemfibrozil (100 pg/ml) on the
amplitude of jejunal contractions was studied
before and after complete blockade of either a-
adrenoceptors or B-adrenoceptors. Also, effects
of gemfibrozil (100 pg/ml) on the stimulant
effect of nicotine (1 pg/ml), acetylcholine (0.05
pg/ml), calcium gluconate (300 pg/ml), histamine
(0.05 pg/ml) and serotonin (0.1 pg/ml) on the
amplitude of jejunal contractions was studied.
Further the inhibitory effect of gemfibrozil
(100 pg/ml) on the jejunal contractions were
studied before and after inhibition of nitric
oxide synthase by N-methyl L-arginine (100
pg/ml):

I1-Experiments on isolated tracheal spiral
strips of guinea pigs ™ :

The effect of gemfibrozil (40-1280
ug/ml) on the tracheal basal tone against
acetylcholine (3 pg/ml) induced contractions
was tested. Effect of gemfibrozil (320 ug/ml)
on either serotonergic receptors, histaminic
receptors or calcium channels were conducted.
The inhibitory effects of gemfibrozil (320
ug/ml) on acetylcholine (3 pg/ml) induced
contractions of isolated tracheal spiral strips of
guinea pigs were studied before and after
inhibition of nitric oxide synthase by N-methyl
L-arginine (100 pg/ml):

I11-Experiments on isolated urinary bladder
strips of guinea pigs **:

The effect of gemfibrozil (40-1280 ug/ml)
on the amplitude of urinary bladder contractions
was tested.The Effect of gemfibrozil (320 pg/ml)
on the amplitude of urinary bladder contractions
was recorded before and after blocking f-
adrenergic receptors. The effect of gemfibrozil
(320 upg/ml) on muscarinic receptors and
serotonergic receptors was studied. Also, the
inhibitory effect of gemfibrozil (320 ug/ml) on the
amplitude of urinary bladder contractions was
studied before and after inhibition of nitric oxide
synthase by N-methyl L-arginine (100 pg/ml).

Statistical analysis: Statistical analysis
was done using SPSS 14.0 for windows.
Significant value was considered when p value
<0.05. Student t-test of significant was used".
RESULTS
On isolated rabbit jejunum:

Effect of gemfibrozil (25-800 pg/ml)
on the amplitude of jejunal contractions
(cm): Gemfibrozil (25-800ug/ml) produced a
dose-dependent reduction on the amplitude of
jejunal contractions (Fig. 1). The mean percent
reductiontSEM ranged from 13.91+1.97 to
81.97+2,52 was found to be statistically
significant  while the mean  percent
reduction+tSEM (3.63+1.50) was found to be
statistically insignificant (Table 1). Gemfibrozil
(100 pg/ml) produced reduction in the
amplitude of jejunal contractions after
complete blockade of alpha- and beta-
adrenergic receptors (Fig. 2, 3). The stimulant
effect of either nicotine small dose (1 pg/ml),
acetylcholine (0.05 pg/ml), calcium gluconate
(300 pg/ml), histamine (0.05 pg/ml) or
serotonin (0.1 ug/ml), on the amplitude of
jejunal contractions was not abolished after
administration of gemfibrozil (100 pg/m) (Fig.
45,6,7,8). The inhibitory effect of gemfibrozil
(100 pg/ml) on the amplitude of jejunal
contractions was completely abolished after
inhibition of nitric oxide synthase by N-methyl
L- arginine (100 pg/ml) (Fig. 9).

II- On isolated tracheal spiral strips of
guinea pigs:

-Effect of gemfibrozil on the basal tone of
tracheal spiral strips of guinea pigs:

Gemfibrozil  (40-1280 pg/ml)  produced
relaxant effect on the basal tone of tracheal
spiral strips of guinea pigs in a dose-dependent
manner (Fig. 10). The mean relaxant
effect+SEM ranged from 0.06£0.02 to
0.16+£0.01 was found to be statistically
significant, while the mean relaxant effect +
SEM (0.03 + 0.02) was found to be statistically
insignificant (Table 2). On acetylcholine (3
pg/ml) induced contractions (cm) , gemfibrozil
at small doses (40 and 80 ng/ml) did not
produce any effect, while at doses (160- 1280
pg/ml) produced a dose-dependent reduction on
the amplitude of acetylcholine induced tracheal
contractions (Fig. 11). The mean percent
reductionstSEM ranged from 15.54+2.53 to



Fatma El Makkawy et al

55.44+3.61 which were found to be statistically
significant (Table 3). Also ,Gemfibrozil (320
pg/ml) completely abolished the serotonin (5
pg/ml) induced contractions while it has no effect
on histamine (3 pg/ml) or calcium gluconate (50
pg/ml) induced contractions of isolated tracheal
spiral strips of guinea pigs (Fig. 12,1314). The
inhibitory effect of gemfibrozil (320 pg/ml) on
acetylcholine (3 pg/ml) induced contraction of
isolated tracheal spiral strips of guinea pigs which
was completely abolished after inhibition of nitric
oxide synthase by N-methyl L-arginine (Fig. 15).
I11- On isolated urinary bladder strips of
guinea pigs:

-Effect of Gemfibrozil (40-1280 pg/ml) on
amplitude of urinary bladder contractions
(cm): Gemfibrozil (40-1280 pg/ml) produced a dose-
dependent reduction on the amplitude of urinary
bladder contractions (Fig. 16). The mean percent
reductionstSEM ranged from 7.29+2.44 to
98.54+1.04 which were statistically significant
(Table 4). Gemfibrozil (320 pg/ml) produced
reduction on the amplitude of urinary bladder
contractions after complete blockade of beta
adrenergic receptors. The stimulant effect of either
acetylcholine (3 pg/ml) or serotonin (0.1 pg/ml) on
the amplitude of urinary bladder contractions was
not abolished after administration of gemfibrozil
(320 pg/ml). (Fig. 17,18,19)The inhibitory effect
of gemfibrozil (320ug/ml) on the amplitude of
urinary bladder contractions was completely
abolished after inhibition of nitric oxide synthase
by N-methyl L-arginine (100 pg/ml) (Fig. 20).

DISCUSSION

In this work the experiments on isolated
rabbit jejunum revealed that gemfibrozil (25-800
pg/ml) produced reduction on the amplitude of
jejunal contractions in a dose-dependent manner.
This result was in agreement with that of Peuler
and Phelps who reported that gemfibrozil
immediately inhibited the contraction of
duodenum of rabbit . In addition, Phelps and
Peuler mentioned also that the amplitude of
duodenal spontaneous contractions was inhibited
by gemfibrozil’.

The mechanism of this inhibitory effect
which was studied in the present work suggested
that it was through stimulation of NO synthase.
This mechanism may explain what reported by

Phelps and Peuler who concluded that
gemfibrozil has direct smooth muscle relaxant
properties™. In addition, Phelps and Peuler
reported that gemfibrozil can directly inhibit the
force of spontaneously occurring phasic rhythmic
smooth muscle contractions and its primary site of
action is the smooth muscle itself, either by
inhibiting its responsiveness to endogenous
contractile substances and/or its inherent ability to
contract spontaneously on its own’.

The effect of gemfibrozil on isolated
jejunum of rabbits represented reasonable
explanation for common gastrointestinal side
effects manifested by gemfibrozil treated
patients; abdominal pain, dyspepsia, nausea,
vomiting and constipation ** 2.

In the present work the experiments on
isolated tracheal spiral strips of guinea pigs
showed that gemfibrozil (80-1280 pg/ml) revealed
significant relaxation on the basal tone and also,
gemfibrozil (160-1280 pg/ml) revealed significant
reduction on the amplitude of acetylcholine induced
contractions. The inhibitory effect of gemfibrozil
(320 pg/ml) on acetylcholine induced contractions
was completely abolished after inhibition of NOS
and completely inhibited  serotonin-induced
contractions.

The relaxant effect on the basal tone by
gemfibrozil was supported by study of Becker
et al. which had revealed that perfusion
through the lumen of guinea pig tracheal tubes
in vitro with NOS inhibitors resulted in a
significant increase in basal tone, suggesting a
role for NO in the maintenance of basal tone’.

The inhibitory effect of gemfibrozil on
acetylcholine induced contractions which was
completely abolished after inhibition of NOS in
this work is in agreement with the study of
Becker et al. who reported that fenofibrate
(PPAR-a.  agonist) decreased mice airway
reactivity to methacholine and mice treated with
fenofibrate and administered L-nitro arginine
methyl ester’”. L-NAME; (NOS inhibitor)
exhibited similar reactivity to methacholine as in
non treated mice suggesting that NO mediate
fenofibrate induced decrease in airway reactivity.
The same authors measured the level of eNOS in
the lung from mice treated with fenofibrate and
found that its level remains unchanged, but its
activation through phosphorelation severely increases™
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The nitric oxide in the airway is released
from epithelial cells, nerve, and inflammatory
cells and modulate the responsiveness of airway
smooth muscle to acetylcholine®®*®. The
mechanism by which NO relaxes the airway is
shown by Janssen et al. who reported that NO
induced broncho relaxation via direct activation of
Ca®* activated K* channels (KCa) through
covalent interaction with the cytoplasmic side
of their alpha subunit®. Janssen et al. added
that NO relaxes the airway through cGMP
dependant Ca®* independent pathway®.

The inhibitory effect of gemfibrozil on
serotonin induced tracheal contractions in the
present work was explained by the study of
Perez-Zoghbil et al. who has reported that
airway that were contracted in response to
serotonin has been relaxed in response to the
NO donor®. The same authors reported also
that NO induces airway smooth muscle cell
(SMC) relaxation via activation of soluble
guanylate cyclase (GC) to increase cGMP that,
in turn, activates protein kinase G (PKG).
Activation of PKG results in the inhibition of
inositol triphosphate (IPsR) and Ca®* release
from the sarcoplasmic reticulum (SR). This
inhibition resulted in a decrease in the frequency
of agonist-induced Ca** oscillations. The decrease
in the frequency of Ca* oscillations is
predominately responsible for airway relaxation®.
Moreover, Schlossmann et al. and Ammendola
et al. referred to the molecular mechanism by
which NO/cGMP/PKG lead to inhibition of IP5
receptors. They explained this through [P
receptor -associated cGMP kinase substrate
protein called IRAG which has been identified
in tracheal smooth muscle cells. They stated that
this protein is phosphorylated by PKG and blocks
IP;R activation by IP; and Ca** %%,

In this work, the experiments on
isolated urinary bladder strips of guinea pigs
showed that gemfibrozil (40-1280 pg/ml)
revealed significant reduction in the amplitude
of urinary bladder contractions. The observed
relaxant effect of gemfibrozil in the present
work was in agreement with Phelps and
Peuler who reported the inhibitory effect of
gemfibrozil on the amplitude of spontaneous
bladder contractions begins immediately and
lasts for 30 minute’. In addition, the study of
the same authors provided the first evidence

that fibrate drug can directly inhibit the force of
spontaneously occurring phasic rhythmic smooth
muscle contractions.

From another point of view, Hove et al.
reported that NO induced relaxation in mouse
aorta via two pathways, i.e. non cGMP and
cGMP dependent. The first one involved a non
cGMP-dependent stimulation of sarcoplasmic
reticulum Ca®* ATPase (SERCA), causing Ca**
reuptake into the sarcoplasmic reticulum and
was prominent when intracellular Ca®* was
mobilized®. This pathway was supported by Liu et
al. who mentioned that after incubation of
vascular smooth muscle cells (VSMCs) in
calcium free solution’. They found no difference
in the level of calcium when exposed to
gemfibrozil, but the intracellular calcium level
decreases, suggesting that the disturbance of
intracellular calcium by gemfibrozil is not
related to calcium influx. The same authors
reported the other pathway involves soluble
guanylate cyclase and formation of cGMP,
causing relaxation without changing [Ca®‘]l, but
desensitizing the contractile apparatus. This
pathway related to L-type Ca®" influx, and L-type
Ca* channel blockers which increase the
vasodilator efficacy of NO °. Adachi supported the
previous mechanism by reporting that SERCA
which regulates intracellular Ca®* levels by
pumping Ca®* into stores, is a major cGMP
independent target for NO®. Plane reported that
relaxation induced by NO is closely correlated
with repolarization of the smooth muscle
membrane potential *°. Suzuki et al. added also
that NO donors inhibit Na*,K*-ATPase activity”'.

A variety of mechanisms have been
proposed by which NO participates in the
regulation of smooth muscle free [Ca*]i, which
is the primary determinant of contractile tone ®. It
is either NO increases Ca”* removal from
cytoplasm by accelerating the plasma membrane
Ca®* ATPase, or NO reduces [Ca®]i by
inhibiting the agonist induced release of Ca™*
from intracellular stores, or the stimulatory effect
of NO on Na'/Ca?* exchanger, or NO induced
membrane hyperpolarization by direct or indirect
cGMP dependant activation of Ca** dependent
K" channels, or the inhibitory effect of NO on L-
type Ca®* channels by cGMP dependant
mechanism®%. NO may activate K" channels
directly, or produced initial rapid decrease in
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[Ca®]i- in smooth muscle which is accounted for
by the uptake of Ca®** by sarco/endoplasmic
reticulum Ca** ATPase (SERCA) into
intracellular stores which proposed that the
refilling of the stores inhibits store-operated Ca*
influx through non-L-type Ca®" conducting ion
channels and this maintains the decrease in
[Ca*]i and NO induced relaxation?’.

Finally the NO mediated mechanism of
gemfibrozil in this study is supported by
different studies of many authors. Omae et al.
reported that fenofibrate induced endothelium
dependent vasodilation mediated by NO release?.
In addition, Khazaei et al. reported also that
benzafibrate  (pan-PPAR  agonist)  significantly
increases serum nitrite concentration which is the
main metabolite of NO®. This study seems to
be in agreement with Eberhardt et al. who
reported that the inhibitory effect of PPAR-a
agonists on some inflammatory process are
indirect and primarily due to superinduction of
iNOS with high levels of NO*. In addition to
what mentioned before, Tian et al. had
demonstrated that the endothelial protective
effect of PPAR-5 agonists in diabetic mice is
through eNOS signaling®. Finally, all the
previous data suggesting that it has a benefit
Gemfibrozil (antidyslipidemic, PPAR-a
agonist) reduced jejunal and urinary bladder
contractions, and has a relaxant effect on
tracheal basal tone. This suggested that
Gemfibrozil has a beneficial effect in
obstructive airway diseases and cases of
urgency and frequency of micturation and
urinary incontinence. However, it may be used
cauciously in cases of heart failure, GIT
disturbances as constipation and prostatic
hypertrophy.

REFERENCES

Spencer CM and Barradell LB (1996):
Gemfibrozil. A reappraisal of its pharmacological
properties and place in the management of
dyslipidaemia. Drugs, 51(6): 982-1018.

Remick J, Weintraub H, Setton R,
Offenbacher J, Fisher E and Schwartzbard A
(2008): Fibrate therapy: an update. Cardiol. Rev.,
16:129-141.

Mandard S, Muller M and Kersten S (2004):
Peroxisome proliferator-activated receptor alpha target
genes. Cell Mol Life Sci., 61:393-416.

10-

11-

12-

13-

14-

15-

16-

Fuentes E, Fuentes F, Vilahur G, Badimon L
and Palomo 1 (2013): Mechanisms of chronic state of
inflammation as mediators that link obese adipose tissue
and metabolic syndrome.Mediators Inflamm .,136584.

Steals B and Fruchart JC (2005):
Therapeutic roles of peroxisome proliferator-
activated receptor agonists. American Diabetes
Association, 54: 2460-2470.

Ehrmann JJ, Vavrusova N, Collon Y and
Kolar Z (2002): Peroxisome proliferator-activated
receptors in health and disease. Biomed., 146(2):
11-14.

Phelps LE and Peuler JD (2010):
Evidence of direct smooth muscle relaxant effects
of the fibrate gemfibrozil. J. smooth muscle res.,
46(3): 125-142.

Nijkamp FP, Van Der Linde HJ and
Folkerts G (1993): Nitric oxide synthesis inhibitors
induce airway hyperresponsiveness in the guinea
pig in vivo and in vitro: role of the epithelium.
American Review of Respiratory Disease, 148 (3):
727-734.

Liu A, Yang J, Huang X, Xiong J, Wong
AH, Chang L and Dai R (2012): Relaxation of rat
thoracic aorta by fibrate drugs correlates with their
potency to disturb intracellular calcium of VSMCs.
Vascular Pharmacology,56(3):168-75.

Magnus R (1904):
vberlebenden Dinndarm von
Mittheilung Pflvgers Arch.,
("Experiments on the surviving
mammals").

Constantine JW (1965): The spirally cut
tracheal strip preparation. Journal of pharmacy and
Pharmacology,17(6): 384-385.

Callahan SM and Creed KE (1981):
Electrical and mechanical activity of the isolated
lower urinary tract of the guinea pig. Br .J.
Pharmac., 74:353-358.

Steel and Torrie (1960): Principal and
producers of statistics’P.37. McGraw Hill Book
Company INC London.

Peuler JD and Phelps LE (2007): Relaxant
effects of gemfibrozil on smooth muscle from
duodenum, urinary bladder, uterus and caudal artery
of the rat. The FASEB Journal,21:876-884.

Phelps LE and Peuler JD (2008):
Evidence of a possible PPAR alpha-independent
vasodilatory action of the fibric acid analogue
gemfibrozil. The FASEB Journal, 22: 912-913.

Muscari A, Puddu GM and Puddu P
(2002): lipid-lowering drugs: are adverse effects
predictable and reversible? Cardiology, 97:115-121.

Versuche am

Saugethieren. .
102:123-151.
intestine  of



17-

18-

20-

21-

22-

23-

Pharmacological Effects of Gemfibrozil...

Becker J, Delayre-Orthez C, Frossard N and
Pons F (2012): The peroxisome proliferator-activated
receptor alpha agonist fenofibrate decreases airway
reactivity to methacholine and increases endothelial nitric
oxide synthase phosphorylation in  mouse lung.
Fundamental & Clinical Pharmacology, 26(3):340-346.

Hatziefthimiou AA, Karetsi E, Pratzoudis
E, Gourgoulianis KI and Molyvads PA (2005):
Resting tension on airway smooth muscle: the
involvement of epithelium". respiratory physiology and
neurobiology,145: 201-208.

Kitsiopoulou E, Hatziefthimiou AA ,
Gourgoulianis Kl and Molyvdas P (2007):
Resting tension affects eNOS Activity in a calcium
—dependant way in airways. Mediators of
inflammation, 1:6.

Janssen LJ, Premji M, Lu-Chao H, Cox
G and Keshavjee S (2000): NO* but not NO
radical relaxes airway smooth muscle via cGMP-
independent release of internal Ca?*. Am. J. Physiol.
Lung Cell Mol. Physiol., 278 (5): 899-905.

Perez-Zoghbil JF, Bail Y and Sanderson
MJ (2010): Nitric oxide induces airway smooth
muscle cell relaxation by decreasing the frequency
of agonist-induced Ca2+ oscillations. JGP., 135(3):
247-259.

Schlossmann J, Ammendola A, Ashman
K, Zong XA, Huber A, Neubauer G, Wang GX,
Allescher HD, Korth M and Wilm M (2000):
Regulation of intracellular calcium by a signalling
complex of IRAG, IP3 receptor and cGMP kinase
Ibeta. Nature, 404:197-201.

Ammendola A, Geiselhdéringer A,
Hofmann F and Schlossmann J (2001): Molecular
determinants of the interaction between the inositol
1,4,5-trisphosphate receptor-associated ¢cGMP  kinase
substrate (IRAG) and cGMP kinase Ibeta. J. Biol.
Chem.,276:24153-24159.

Hove V, Donckt C, Herman AG, Bult H
and Fransen P (2009): Vasodilator efficacy of
nitric oxide depends on mechanisms of intracellular
calcium mobilization in mouse aortic smooth
muscle cells. Br. J. Pharmacol., 158(3): 920-930.

25-

26-

27-

28-

29-

30-

31-

Adachi T (2010): Modulation of vascular
sarco/endoplasmic reticulum calcium ATPase in
cardiovascular  pathophysiology.  Advances in
Pharmacology, 59:165-95.

Plane F, Wiley KE, Jeremy JY, Cohen RA
and Garland CJ (2009): Evidence that different
mechanisms underlie smooth muscle relaxation to
nitric oxide and nitric oxide donors in the rabbit
isolated carotid artery. British Journal of
Pharmacology, 123 (7): 1351-1358.

Suzuki Y, Lu Q, Xu DZ, Szab6 C, Haskd
G, Deitch EA (2005): Na+,K+-ATPase activity is
inhibited in cultured intestinal epithelial cells by
endotoxin or nitric oxide. Int. J. Mol. Med.,
15(5):871-877.

Omae T, Nagaoka T, Tanano I, Kamiya
T and Yosbida A (2012): Fenofibrate, an anti-
dyslipidemia drug, elicits the dilation of isolated
porcine retinal arterioles: role of nitric oxide and
AMP- activated protein kinase. Investigative
Ophthalmology and Visual Science,53(6): 2880-
2886.

Khazaei M, Salehi E and Rashidi B
(2012): Pan-PPAR agonist, benzafibrate, restores
angiogenesis in hindlimb ischemia in normal and
diabetic rats. International Journal of
Peptides,2012:1-5.

Eberhardt W, Akool S, Rebhan J, Frank S,
Beck KF, Franzen R, Hamada FM and Pfeilschifter
J (2002): Inhibition of cytokine-induced matrix
metalloproteinase 9  expression by peroxisome
proliferator-activated receptor alpha agonists is indirect
and due to a NO-mediated reduction of ,mRNA
stability. J. Bio. Chem.., 36: 33518-33528.

Tian XY, Wong WT, Wang N, Ye LU,
Cheang WS, Liu J, Liu L, Liu Y, Lee SS, Chen
ZY, Cooke JP, Yao X and Huang Y (2012): ppard
activation protects endothelial function in diabetic
mice. Diabetes journals; Diabetes, 61: 3285-3293.



Fatma El Makkawy et al

Table (1): Mean % reduction caused by gemfibrozil (25-800ug/ml) on the amplitude of contractions
(cm) of isolated rabbit jejunum (Mean %+SEM).

Parameters
% Red % Red % Red % Red % Red % Red % Red % Red
Dose
Mean £+ SEM 3.63+1.50 13.91+1.9]7 38.62+4.11 62.53+2.1( 81.97+2.5] 1.60+0.51] 0.00+0.00 100.00+0.0
P >0.05 *<0.001 *<0.001 *<0.001 *<0.001 _

% Red: percent reduction. £SEM: standard error of mean *: significant (p < 0.05)

Table (2): Effect of gemfibrozil (40-1280ug/ml) on the basal tone (cm) of isolated tracheal spiral strips of

guinea pig
Parameter
Gem Gem Gem Gem Gem Gem
40pg/ml 80pg/ml 160pg/ml| 320pg/ml 640pg/ml | 1280pg/ml
Dose
Mean + SEM 0.03+0.02 0.06+0.02 0.10+0.01 0.12+0.01 0.14+0.01 0.16 + 0.01
P >0.05 *<0.05 *<0.001 *<0.001 *<0.001 *<0.001

Con: control Gem: gemfibrozil. +SEM: standard error of mean. *: significant (p < 0.05).

Table (3): ): Mean % reduction caused by gemfibrozil (40-1280ug/ml) on acetylcholine (3pg/ml)

induced contractions (cm) of isolated tracheal spiral strips of guinea pigs (Mean % +SEM

Paramet
% Red % Red % Red % Red % Red % Red
Dose
Mean + SME| 0.00+0.00| 0.00+0.00 15.54+2.53 32.00+3.03 55.44+3.61 100.00+0.00
P *<0.05 *<0.001 *<0.001 _

% Red: percent reduction. +SEM: standard error of mean *: significant (p < 0.05)

Table (4): Mean % reduction caused by gemfibrozil (40- 1280ug/ml) on the amplitude of smooth
muscles contractions (cm) of isolated urinary bladder strips of guinea pigs (Mean % +SEM)

Parameter
% Red % Red % Red % Red % Red
Dose
Mean + SEM 7.29+2 .44 18.29+2.03 31.31+1.80| 76.93+1.99 98.54+1.04
P *<0.05 *<0.001 *<0.001 *<0.001 *<0.001

% Red: percent reduction. £SEM: standard error of mean *: significant (p < 0.05)
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gemfibrozl (ug/ml)

N:normal W: wash

Fig. (1): Effect of gemfibrozil (25-800ug/ml) on the amplitude of contractions of isolated rabbit
jejunum.

1 min

T
‘,tll‘:'i;l'.-!x;
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N:normal  G:gemfibrozil  NE:norepinephrine  PH: phentalamine  W: wash

Fig. (2): Effect of gemfibrozil (100pug/ml) on the amplitude of contractions of isolated rabbit jejunum
after complete blockade of alpha adrenergic receptors
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Fig. (3): Effect of gemfibrozil (100pug/ml) on the amplitude of contractions of isolated rabbit jejunum
after complete blockade of beta adrenergic receptors.
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Fig. (4): Effect of gemfibrozil (100pg/ml) on nicotinic receptors in isolated rabbit jejunum.
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Fig. (5): Effect of gemfibrozil (100pg/ml) on muscarinic receptors in isolated rabbit jejunum.
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Fig. (6): Effect of gemfibrozil (100pug/ml) on calcium channels in isolated rabbit jejunum.
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Fig. (7): Effect of gemfibrozil (100pug/ml) on histaminic receptors in isolated rabbit jejunum.
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Fig. (8): Effect of gemfibrozil (100ug/ml) on serotonin receptors in isolated rabbit jejunum.
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Fig. (9): Effect of gemfibrozil (100pug/ml) on the amplitude of contractions of isolated rabbit jejunum
after inhibition of nitric oxide synthase by N-methyl L- arginine (100ug/ml).
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Fig. (10): Effect of gemfibrozil (40-1280ug/ml) on the basal tone of isolated tracheal spiral strips of
guinea pigs.
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Fig. (11): Effect of gemfibrozil (40-1280ug/ml) on acetylcholine (3pug/ml) induced contractions of
isolated tracheal spiral strips of guinea pigs.
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Fig. (12): Effect of gemfibrozil (320pg/ml) on the amplitude of serotonin (5ug/ml) induced
contractions of isolated tracheal spiral strips of guinea pigs.
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Fig. (13): Effect of gemfibrozil (320pg/ml) on the amplitude of histamine (3pg/ml) induced
contractions of isolated tracheal spiral strips of guinea pigs.
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Fig. (14): Effect of gemfibrozil (320pg/ml) on the amplitude of calcium (50pug/ml) induced
contractions (cm) of isolated tracheal spiral strips of guinea pigs.
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Fig. (15): Effect of gemfibrozil (320ug/ml) on the amplitude of acetylcholine (3pug/ml) induced
contractions (cm) of isolated tracheal spiral strips of guinea pigs after inhibition of NO synthase by N-
methyl L-arginine (100pg/ml).
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Fig. (16): Effect of gemfibrozil (40-1280 mcg/ml) on the amplitude of smooth muscles contractions of
isolated urinary bladder strips of guinea pigs.
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Fig. (17): Effect of gemfibrozil (320pg/ml) on the amplitude of smooth muscle contractions of isolated
urinary bladder strips of guinea pigs after complete blockade of beta adrenergic receptors.
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Fig. (18): Effect of gemfibrozil (320pg/ml) on muscarinic receptors in isolated urinary bladder strips
of guinea pigs.
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Fig. (19): Effect of gemfibrozil (320pug/ml) on serotonin receptors in isolated urinary bladder strips of
guinea pigs.
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Fig. (20): Effect of gemfibrozil (320pg/ml) on the amplitude of smooth muscle contractions of isolated
urinary bladder strips of guinea pigs after inhibition of NO synthase by N-methyl L-arginine
(100pg/ml).
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